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Abstract

Purpose—~Propofol injection pain, despite various strategies, remains common and troublesome.
This study aimed to test the hypothesis that pretreatment with the combination of intravenous
lidocaine and magnesium would have an additive effect on reducing propofol injection pain.

Methods—After IRB approval and informed consent, we performed a prospective, double-blind,
placebo-controlled, randomized trial. Subjects were randomly assigned to pretreatment with either
lidocaine (50 mg), magnesium sulfate (0.25 mg), lidocaine (50 mg) plus magnesium sulfate (0.25
mg), or 0.9% sodium chloride. Following pretreatment, propofol (50 mg) was administered and
subjects were questioned regarding injection site pain and observed for behavioral signs of pain.

Results—Two hundred subjects were enrolled and 158 subjects (39 placebo, 38 lidocaine, 44
magnesium sulfate, and 37 lidocaine plus magnesium sulfate) received their assigned pretreatment
intervention. Intergroup baseline characteristics were similar. The proportion of subjects reporting
propofol injection pain was highest in those pretreated with magnesium sulfate (57%), followed
by those pretreated with placebo (46%), lidocaine plus magnesium sulfate (41%), and then
lidocaine (29%; p=0.011). When adjusted for age, gender, diabetes mellitus, chronic pain, tobacco
use, and selective-serotonin reuptake inhibitor use, the pain response scale scores were
significantly reduced by lidocaine pretreatment compared to magnesium sulfate and placebo
(p=0.031 and p=0.0003, respectively).

Conclusions—In this double-blind, placebo-controlled, randomized trial, the combination of
intravenous magnesium sulfate and lidocaine offered no additional benefit for the relief of
propofol injection pain compared to intravenous lidocaine. An improved, receptor-based
understanding of the mechanism of propofol injection pain remains needed.
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Introduction

Methods

Propofol is commonly used for the induction and maintenance of general anesthesia and for
sedation during monitored anesthesia care. Pain with its injection, however, has been
reported to occur in 28-90% of patients1~* and has been identified as a troubling concern for
anesthesiologists.® Various factors, including the site of injection, speed of injection, vein
size, aqueous phase propofol concentration, propofol temperature, blood buffering, and the
concomitant use of various drugs appear to influence this pain,3~* while activation of the
kallikrein-kinin system has been implicated mechanistically.’ Yet, despite more than 175
randomized trials attempting to discover an intervention to alleviate this pain, no
intervention has consistently effected its complete relief. Current evidence suggests propofol
injection in an antecubital vein versus a hand vein is most effective; however, this is not
always practical in clinical practice. Alternatively, lidocaine pretreatment with and without
venous occlusion and mixing lidocaine with propofol also consistently provide a relative
risk reduction.3-4

Magnesium is a noncompetitive antagonist of the N-methyl-D-aspartate (NMDA\) receptor
ion channel® and plays a role in the regulation of calcium influx into cells at different
voltage-gated channels.? These actions, respectively, have been implicated in pain
modulation and antinociceptive effects.10-11 Accordingly, magnesium sulfate has also been
tested with promising results as a pretreatment intervention to reduce propofol injection
pain.12-15 With this in mind, clinical experience at our institution suggested lidocaine plus
magnesium sulfate may have an increased effect on propofol injection pain; however, this
combination had not been studied.

Therefore, the purpose of this study was to test the hypothesis that pretreatment with a
combination of magnesium sulfate and lidocaine would have an increased effect on reducing
propofol injection pain in patients during the intravenous induction of general anesthesia.
The primary endpoint of this study was the presence of pain during propofol injection.
Secondarily, pain severity was assessed.

The University of Wisconsin Health Sciences Institutional Review Board (800 University
Bay Drive, Madison, WI, USA,; Protocol#: H-2010-0139; approved 2/23/2011) approved
this prospective, randomized, double-blind, placebo controlled trial and it was registered at
ClinicalTrials.gov (NCT 01342510). After written informed consent, adult patients
considered ASA physical status 1 or 2 by the investigators, presenting to the outpatient
surgery center and scheduled to receive general anesthesia, were randomly assigned to one
of four pretreatment study groups (group L = lidocaine 50 mg; group M = magnesium
sulfate 0.25 mg; group LM = lidocaine 50 mg plus magnesium sulfate 0.25 mg; and group C
= 0.9% sodium chloride). Magnesium sulfate and lidocaine doses were based on prior
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studies.3 12. 14,15 Exclusion criteria included age less than 18 years, allergy to local
anesthetics or magnesium sulfate, end stage renal disease, pregnancy, incarceration, patients
requiring a rapid sequence induction and intubation, refusal to participate, and current
participation in another clinical study.

Subjects were randomized by computer-generated numbers and study drugs were prepared
in identical syringes by our institution’s Pharmaceutical Research Center (PRC). All drugs
were diluted to 10 mL using 0.9% normal saline. For each subject, study personnel received
a syringe and a data collection sheet each labeled with the study subject number. A 20 gauge
Angiocatheter (BD, Franklin Lakes, NJ, USA) was inserted into the dorsum of the hand for
intravenous (1V) fluids and medication administration. After applying standard monitors
(electrocardiogram, non-invasive arterial blood pressure, and pulse oximetry) and providing
pre-oxygenation in the operating room, the assigned study drug was injected by bolus over
two-three seconds. The intravenous line containing lactated ringers solution was then
allowed to flow freely. Twenty seconds later, 50 mg of propofol was injected by bolus over
two-three seconds, followed again by free flow of the lactated ringers solution. Ten seconds
following the injection of propofol, the subjects were asked a standard question about pain
on injection (“Are you having pain at your IV site?”) and their response was noted. Injection
pain severity was assessed using the following four point pain response scale: 0 = no pain; 1
= mild pain (pain reported only in response to questioning and without behavioral signs); 2
= moderate pain (pain reported in response to questioning and accompanied by a behavioral
sign, or pain reported spontaneously without questioning); and 3 = severe pain (strong vocal
response or response accompanied by facial grimacing, arm withdrawal, or tears).12 Two of
the investigators (JH and JG) performed the pain response assessments on all subjects.
Following the pain response assessment, the induction of general anesthesia was then
completed with the administration of an additional amount of propofol, deemed appropriate
by the anesthesiologist responsible for the subject’s care. Throughout the study and data
analysis periods, all study personnel, the subjects, and the anesthesia providers involved in
the subject’s care remained unaware of each subject’s group assignment. The group
assignments were revealed only after the data analyses were complete.

The study sample size was calculated based on a hypothesized 65% incidence of propofol
injection pain with no intravenous pretreatment and a 35% incidence with treatment.3 With
these assumptions, 48 subjects were required per group to detect a significant difference
with 80% power (one-sided, a = 0.05/3). We choose to enroll 50 subjects per group to
control costs, but to still allow for an anticipated small number of dropouts. Baseline
characteristics were analyzed using one-way ANOVA and chi-square tests for continuous
and categorical data, respectively. Pain occurrence and scaled responses were assessed using
logistic and linear regression models, respectively. Statistical analyses were performed using
R (Version 2.13.1, R Foundation for Statistical Computing, Austria). A p-value < 0.05 was
considered significant.

Subject enrollment and analysis is illustrated in Figure 1. After IRB approval, 200 subjects
as planned provided written consent, were enrolled in the study, and randomized to a
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specific study group between May 1, 2011 and July 1 2011. Forty-two subjects did not
receive the assigned intervention and were lost to follow-up for several reasons, including
study drug or personnel unavailable, American Society of Anesthesiologists (ASA) physical
status greater than 2 noted prior to induction, incorrect IV gauge or location, and anesthesia
plan changed after enrollment, but prior to induction. As such, 158 enrolled subjects
received the assigned intervention and were included in the analyses on a per protocol basis.

Thirty-nine, 38, 44, and 37 subjects were randomized to and administered placebo,
lidocaine, magnesium sulfate, and lidocaine plus magnesium sulfate solutions, respectively.
Baseline characteristics were similar amongst the groups (Table 1).

Pain rates and pain response scale score frequency distributions amongst the study groups
are shown in Figures 2 and 3, respectively. The percent of subjects reporting pain with
propofol injection was highest in those pretreated with magnesium sulfate (57%; 95% CI
0.42 - 0.70), followed in descending order by those pretreated with placebo (46%; 95% ClI
0.32 - 0.61), lidocaine plus magnesium sulfate (41%; 95% CI 0.26 — 0.56), and then
lidocaine (29%; 95% CI 0.17 — 0.45) (p = 0.010). The differences between these rates were
statistically significant when comparing the lidocaine and magnesium sulfate groups (p =
0.011) and marginal when comparing the lidocaine and placebo groups (p = 0.083), but did
not reach or near statistical significance amongst the remaining pairwise comparisons. In the
logistic regression analysis, age, gender, diabetes mellitus, tobacco use, chronic pain, and
SSRI use were not associated with the probability of having propofol injection pain.
Similarly, the pain response scale scores were significantly reduced by lidocaine
pretreatment compared to magnesium sulfate and placebo (p = 0.031 and p = 0.0003,
respectively) and by the combination of lidocaine and magnesium sulfate versus magnesium
sulfate alone (p = 0.005). In the linear regression analysis, female versus male gender was
associated with higher pain response scale scores (p = 0.03). The differences in these scores
between the study groups, however, persisted when adjusted for this gender effect.

Discussion

The main finding of this study is that the addition of magnesium sulfate (0.25 mg) to
lidocaine (50 mg) for pretreatment does not, unfortunately, have an additive effect on
reducing the pain associated with the injection of propofol. Further, magnesium sulfate may
lessen the effect of lidocaine pretreatment and may increase propofol injection pain when
given alone as pretreatment, which is in contradistinction to prior results that suggest
magnesium sulfate pretreatment imparts a beneficial effect.12-15

Excepting our findings regarding the effects of magnesium sulfate, our study results are
consistent with prior studies investigating the effect of lidocaine pretreatment on propofol
injection pain, supporting our study’s internal validity. Jalota et al recently performed a
quantitative meta-analysis on various techniques used to reduce the incidence and severity
of propofol injection pain, including lidocaine pretreatment.3 In this study, they found
lidocaine pretreatment to be associated with a relative risk (95% CI) of propofol injection
pain of 0.47 (0.40 — 0.56) compared to no treatment. In our study, lidocaine pretreatment
produced a relative reduction in the incidence of propofol injection pain compared to
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placebo of 37%. Further, the incidences of pain in our placebo and lidocaine pretreatment
groups (46% and 29%, respectively) were not incongruent with prior study results
comparing pretreatment with 50 mg or more of lidocaine with placebo. In these prior
studies, the incidence of pain in the lidocaine pretreatment groups ranged from 9-30%,
while 23-83% of subjects receiving placebo pretreatment injections experienced propofol
injection pain.16-20

The etiology of our findings with respect to the effect of magnesium pretreatment may in
part reflect pain from the magnesium sulfate pretreatment injection itself, which we did not
assess individually apart from pain from the propofol injection; or more likely, an
incomplete understanding of the receptor mediation of propofol injection pain and its
modification by magnesium interactions.

Propofol is generally believed to cause pain via phenol related venous intima irritation or
activation of the kallikrein-kinin system.” The analgesic effect of magnesium pretreatment
for reducing propofol injection pain has been ascribed to NMDA receptor antagonism,
intracellular calcium antagonism, and/or nitric oxide mediated vasodilation.12-13. 15
However, our results, combined with prior contradictory reports describing the failure of
magnesium and other agents to substantially impact propofol injection pain and more recent
reports of propofol and magnesium effects on peripheral nociceptors, suggest that the
etiology and regulation of propofol injection pain may be more complex, which warrants
questioning of these models. Recent basic science evidence suggests propofol may effect
peripheral sensitization to nociceptive endogenous inflammatory mediators through
activation or interaction with capsaicin stimulated transient receptor potential (TRP)
vanilloid receptor subtypes.?1-22 Magnesium and other protons have also been found to
stimulate vanilloid receptors,23 while millimolar increases in magnesium concentration have
been shown to produce a four-fold increase in capsaicin-evoked currents.24 In contrast to
magnesium, local anesthetics have been found to inhibit capsaicin-induced vanilloid
receptor activation, which may account for their apparent increased efficacy when utilized
for decreasing propofol injection pain.2> In addition to vanilloid receptors, prostanoid
receptors may also be involved. Ando et al recently demonstrated that propofol injection
pain is also initiated by prostanoids (specifically PGE5).28 This, combined with prior work
demonstrating magnesium significantly increases prostaglandin-receptor interactions,27-28
provides another potential mechanism to explain the increased pain associated with
magnesium pretreatment in our study.

Unfortunately, the strength of our conclusions are limited by the study’s relatively high
dropout rate, which resulted from the various logistical issues described above; many of
which occurred in the early stages of the study. We were unable to expand the study to
accommodate this dropout rate due to funding limitations. Nonetheless, our results in many
ways are consistent with prior reports on the efficacy of lidocaine pretreatment on propofol
injection pain, and our study is the first to test the efficacy of the combination of magnesium
sulfate and lidocaine pretreatment on propofol injection pain.

In conclusion, we performed a double-blind, placebo-controlled, randomized trial and found
the addition of magnesium sulfate to lidocaine for pretreatment does not have an additive
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effect on reducing the pain associated with the injection of propofol. The results of this
study, in combination with prior clinical and recent basic science data suggest further
investigations into the underlying receptor mechanisms associated with propofol injection
pain and their regulation are necessary.
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Excluded (n=914)

o Other reasons (n=92)

| . Not meeting inclusion criteria (n=751)
o Declined to participate (n=71)

Randomized (n = 200)

Allocation

A

Allocated to lidocaine (n=50)
* Received intervention (n=38 )
¢ Did not receive intervention
n=12)
- Study drug or personnel
unavailable (n=2)
— ASA status >2 noted prior to
induction (n=3)
— Incorrect IV gauge or location
(n=6)
-+ Anesthesia plan changed prior
to induction (n=1)

Allocated to magnesium (n=50)
® Received intervention (n=44)
* Did not receive intervention (n=6)
- Study drug or personnel
unavailable (n=3)
-+ Incorrect IV gauge or location
(n=3)

Allocated to lidocaine + magnesium
(n=50)
® Received intervention (n=37 )
* Did not receive (n=13)
- Study drug or personnel
unavailable (n=1)
- ASA status >2 noted prior to
induction (n=1)
— Incorrect IV gauge or location
(n=7)
- Anesthesia plan changed prior
to induction (n=4)

Allocated to placebo (n=50)
* Received intervention (n=39 )
* Did not receive intervention
(n=11)
- Study drug or personnel
unavailable (n=3)
— ASA status >2 noted prior to
induction (n=3)
— Incorrect IV gauge or location
(n=4)
— Anesthesia plan changed prior
to induction (n=1)

Follow-Up

A

A

Lost to follow-up (n=0)

Lost to follow-up (n=0)

Lost to follow-up (n=0)

Lost to follow-up (n=0)

Analysis

A

A

Analyzed (n=38)
« Excluded from analysis (n=0)

Analyzed (n=44)
* Excluded from analysis (n=0)

Analyzed (n=37)
« Excluded from analysis (n=0)

Analyzed (n=39)
«+ Excluded from analysis (n=0)

Figurel.

Study and Data Analysis Flowchart
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Figure2.
The group proportions of subjects experiencing propofol injection pain are shown (P =

placebo, L = lidocaine, M = magnesium, LM = lidocaine plus magnesium).
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Figure 3.
Mean (95% CI) group pain response scale scores are shown (P = placebo, L = lidocaine, M

= magnesium, LM = lidocaine plus magnesium). Pain score scale: 0 = no pain; 1 = mild pain
(pain reported only in response to questioning and without behavioral signs); 2 = moderate
pain (pain reported in response to questioning and accompanied by a behavioral sign, or pain
reported spontaneously without questioning); and 3 = severe pain (strong vocal response or
response accompanied by facial grimacing, arm withdrawal, or tears.).
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Table 1
Group Demographics
Lidocaine +
Placebo Lidocaine Magnesum Magnesium
(n=39) (n=38) (n=44) (n=37)
Age, yrs 45(19)  45(15) 45 (16) 44 (16)
Gender, n (%)
Male 25(64) 16 (42) 23 (52) 23 (62)
Female 14(36) 22 (58) 21 (48) 14 (38)
Height, cm 174 (10) 173 (11) 175 (10) 173 (12)
Weight, kg 83 (17) 85 (25) 83 (15) 83 (16)
*BMI, kg.m2 27 (4) 28 (6) 27(4) 27 (5)
TASA, n (%)
1 10(26) 9 (24) 11 (25) 12 (32)
2 29(74)  29(76) 32 (75) 25 (68)
Comorbidities, n (%)
DM 2(5) 1(3) 1(2) 3(8)
Chronic Pain 2 (5) 3(8) 3() 3(8)
Tobacco Use 7 (18) 4(11) 7 (16) 4(11)
Sssriuse  5(13) 4(11) 7(16) 7(19)

Page 11

Data are mean (SD) unless otherwise noted. Age, height, weight, and BMI compared using one-way ANOVA (all p-values > 0.05). ASA class and
comorbidities compared using chi-square test (all p-values > 0.05).

*
BMI = body mass index.
+

ASA = American Society of Anesthesiologists.

§SSRI = selective serotonin re-uptake inhibitor.
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